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EXECUTIVE  SUMMARY 


Problems  and  Objectives:  A  technology  demonstration  of  Ford  F-150  series  bi-fueled  [com¬ 
pressed  natural  gas  (CNG)  or  gasoline]  Qualified  Vehicle  Modifier  (QVM)  vehicles  was  conducted 
at  Ft.  Hood,  Texas.  This  Tank  Automotive/ Armaments  Command  sponsored  effort  was  in  support 
of  Section  400-AAof  the  Alternative  Motor  Act  (AMFA)  of  1988,  the  Clean  Air  Act  (CAA)  Amend¬ 
ments  of  1990,  and  the  Energy  Policy  Act  of  1992.  The  objectives  of  the  program  were  to  demon¬ 
strate  the  acceptability  of  alternative-fueled  vehicles  in  a  Department  of  Defense  (DOD)  U.S.  Army 
activity  in  support  of  installation  operations,  to  quantify  vehicle  performance  and  fuel  economy, 
and  to  assess  exhaust  emissions  using  CNG  and  gasoline  fuel  in  selected  vehicles. 

Importance  of  Project:  With  emphasis  on  finding  methods  to  reduce  the  amount  of  pollutants  in 
the  air,  CNG  fuel  definitely  offers  a  viable  alternative.  This  technology  demonstration  provided 
real-world  utilization  and  performance  data  on  QVM  CNG  and  gasoline  bifueled  vehicles.  Also,  the 
previous  fleet  of  dedicated  CNG  vehicles  presented  a  problem  in  that  random  vehicle  assignments 
were  not  possible  due  to  restricted  range.  With  the  introduction  of  bifueled  vehicles,  range  was  no 
longer  a  factor  and  vehicles  were  assigned  anywhere  within  the  operating  area. 

Technical  Approach:  The  fleet  of  General  Services  Administration  (GSA)-owned,  Army  leased 
bifueled  vehicles  was  placed  under  the  direction  of  the  Ft.  Hood  Transportation  Division.  The 
vehicles  were  randomly  assigned  to  the  different  service  sections  to  be  used  in  daily  mission  re¬ 
quirements.  Sixty-six  vehicles  were  initially  selected  by  the  transportation  officer  to  provide  the 
data  required.  Additional  vehicles  were  included  into  the  program  upon  arrival  at  Ft.  Hood.  Des¬ 
ignated  drivers  of  the  bifueled  vehicles  attended  classes  that  covered  topics  such  as  program  back¬ 
ground  and  objectives,  CNG  description  and  fueling  procedures,  and  data  collection  procedures. 

Accomplishments:  More  than  1,000,000  miles  of  combined  CNG  and  gasoline  usage  were  accu¬ 
mulated  during  the  program.  There  were  no  major  problems  reported,  and  the  drivers  as  well  as 
section  supervisors  favorably  received  the  vehicles.  The  most  prevalent  complaints  while  operating 
with  CNG  fuel  were  the  limited  range  and  the  prolonged  starting  time.  Mechanically,  the  vehicles 
performed  satisfactorily  and  very  few  maintenance  problems  were  reported.  Federal  Test  Proce¬ 
dures  (FTP)  exhaust  emissions  testing  was  performed  at  Southwest  Research  Institute  on  three 
selected  vehicles  initially  at  4,000  miles  and  at  the  end  of  the  test.  The  selected  vehicles  when 
operated  on  CNG  showed  dramatic  reductions  in  Non-Methane  Organic  Gas,  Non-Methane  Hydro¬ 
carbons,  and  Carbon  Monoxide.  There  was  a  small  increase  in  Oxides  of  Nitrogen  emissions  while 
using  CNG.  Fuel  economy  was  equivalent  with  CNG  and  gasoline  when  compared  to  FTP  results. 

Military  Impact:  U.S.  military  installations  continue  to  provide  an  excellent  avenue  to  introduce 
alternative  fuels.  Therefore,  the  data  accumulated  during  this  demonstration  program  can  be  used 
in  the  decision-  making  process  of  assigning  GSA  bi-fueled  vehicles  to  military  installations.  Also, 
the  demonstration  clearly  shows  the  need  for  alternative  fueling  infrastructure  in  the  immediate 
vicinity  of  the  fleet. 
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I.  BACKGROUND 


Section  400-AA  of  the  Alternative  Motor  Fuels  Act  (AMFA)  of  1988,  Public  Law  100494,  estab¬ 
lished  The  Federal  Light  Vehicle  Program.(l)*  The  AMFA’s  aim  is  to  incorporate  alternative-fuel 
vehicles  (AFVs)  into  government  fleet  operations  and  evaluate  their  performance.  The  Department 
of  Energy  (DOE)  is  responsible  for  implementing  the  AMFA  with  the  assistance  of  other  agen¬ 
cies.  (2)  Federal  fleets,  as  defined  in  the  Energy  Policy  Act  (EPACT)  of  1992,  are  required  to 
comply  with  Executive  Order  13031  in  their  acquisitions  of  AFVs. (3, 4)  Natural  gas  has  demon¬ 
strated  considerable  potential  as  a  cleaner-burning  fuel  for  motor  vehicles  than  gasoline.  Also,  the 
number  of  compressed  natural  gas  (CNG)  fuel  vehicles  has  increased  dramatically  since  the  start  of 
the  AMFA  program.  Substituting  cleaner-burning  alternative  fuels  in  motor  vehicles  has  drawn 
considerable  attention  in  the  last  decade.  The  driving  forces  for  this  substitution  are  the  reduction 
of  crude  oil  dependence  and  the  reduction  or  elimination  of  some  pollutant  emissions,  especially 
ozone-forming  hydrocarbons.  Increased  use  of  alternative  “clean  bum”  fuels  for  motor  vehicles  has 
escalated  to  a  prominent  role  in  the  ongoing  air  pollution  control  strategies  for  California  and  the 
federal  government.® 


II.  INTRODUCTION 

This  technology  demonstration  was  sponsored  by  the  U.S.  Army  Tank- automotive  Research,  De¬ 
velopment  and  Engineering  Center  (TARDEC).  (6)  During  the  second  quarter  of  1 995  the  General 
Services  Administration  (GSA)  made  an  acquisition  of  over  100  Ford  FI 50  bifuel  (CNG  or  gaso¬ 
line)  Qualified  Vehicle  Modifier  (QVM)  pickup  trucks.  The  vehicles  were  distributed  between  Ft. 
Hood,  Texas  and  Ft.  Bliss,  Texas.  Sixty-six  vehicles  assigned  to  the  Ft.  Hood  Transportation  Office 
were  selected  for  the  demonstration  program.  Six  additional  vehicles  were  added  to  the  program  as 
they  arrived  at  Ft.  Hood.  A  CNG  fueling  facility  was  constructed  at  the  Ft.  Hood  transportation 
motorpool  in  support  of  the  CNG  demonstration  program. 


^Underscored  numbers  in  parentheses  indicate  references  at  the  end  of  the  document 
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Liaison/coordination  meetings  with  transportation  motor  pool  (TMP)  personnel,  U-Tech  Services 
Corporation  Project  Manager,  and  the  GSA  Fleet  Management  Office  at  Ft.  Hood  were  conducted 
by  the  monitor  from  the  U.S.  Army  TARDEC  Fuels  and  Lubricants  Research  Facility  (TFLRF), 
located  at  Southwest  Research  Institute  (SwRI)  in  San  Antonio,  Texas. 


III.  PROGRAM  OBJECTIVES 

The  objectives  of  the  technology  demonstration  of  QVM  bifuel  (CNG  or  Gasoline)  vehicles  were  as 
follows: 

•  To  demonstrate  the  acceptability  of  bifuel  GNG  or  gasoline  vehicles  in  support  of  AMFA, 
and  in  a  Department  of  Defense  U.  S.  Army  activity  in  support  of  post-camp  and  station 
operations; 

•  To  quantify  vehicle  performance,  fuel  economy,  engine  performance  and  maintenance; 

•  To  assess  regulated  emissions  using  both  gasoline  and  CNG  fuels 


IV.  DETAILS  OF  DEMONSTRATION 


A.  General 

The  TMP  division  at  Ft.  Hood  assigned  the  bifuel  vehicles  to  the  different  sections  and  units  in  the 
same  manner  as  the  regular  vehicles  without  regard  to  driving  cycles  and  mission  requirements. 
The  only  concession  was  assigning  the  vehicles  within  the  area  in  which  the  CNG-fueling  facility 
was  available  to  the  drivers.  The  vehicles  were  dispatched  on  a  weekly  basis,  and  the  drivers  were 
instructed  to  turn  in  the  previous  week’s  operational  information  prior  to  the  next  week’s  dispatch. 

Meetings  were  held  with  TMP  and  U-Tech  Corporation  staff  to  coordinate  the  selection  of  two  test 
vehicles  for  emissions  testing.  The  U-Tech  project  manager  handled  the  selection  of  vehicles  for 
emissions  testing  to  minimize  the  impact  that  random  selection  of  critical-use  vehicles  would  incur. 
The  vehicles  were  transported  from  Ft.  Hood  to  SwRI  for  testing,  which  required  a  turnaround  of 
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five  working  days.  Testing  included  the  Federal  Test  Procedure  (FTP)  for  regulated  emissions  and 
Highway  Fuel  Economy  Test  (HFET).  Testing  was  conducted  at  4,000  miles  and  at  the  end  of  the 
test.  The  TFLRF  monitor  visited  Ft.  Hood  quarterly  to  liaise  with  GSA  and  TMP  fleet  managers, 
and  to  solicit  user  comments  on  the  operability  of  the  test  vehicles. 

B.  Fleet  Vehicle  Description 

The  72  GSA-owned,  Army-leased  vehicles  used  for  the  demonstration  were  1995  Ford  F150  bifuel 
Vi-ton  pickup  trucks  with  a  gross  vehicle  weight  (GVW)  rating  of  6,200  lbs.  (Figurel).  The  vehicles 
were  converted  to  use  CNG  by  Southern  Union  Gas  Company  in  Austin,  Texas,  under  Ford  Motor 
Company’s  QVM  Ford  F-Series  4.9L  bifuel  prep  vehicle  program.  Unique  features  of  the  4.9L 
engine  included  exhaust-valve  seat  inserts,  hard-faced  exhaust  valves,  corrosion-resistant  intake 
valves,  hardened  intake  valve  seats,  positive  valve  rotation,  and  revised  intake-valve  springs.  Col¬ 
lectively,  these  features  insured  improved  valve  train  durability.  Other  components  included  up¬ 
graded  front  springs  to  accommodate  the  gaseous  fuel  system  and  unique  vehicle  identification  that 
provided  service  technicians  with  vehicle  conversion  data.  The  F  Series  vehicles  modified  for 
natural  gas  included  natural  gas  tank  (in-bed,  8.4  equivalent  gallons),  natural  gas  tank  (under  body, 
3.8  equivalent  gallons),  natural  gas  fill  receptacle,  natural  gas  system  shut-off  valve,  natural  gas 
regulator  assembly,  4.9L  gaseous  fuel  prep  engine,  gasoline  tank  (18.2  gallons),  and  gasoline  filler. 
Figure  2  illustrates  the  prep  vehicle  CNG  modifications. (7)  The  vehicles  tested  at  Ft.  Hood  were 
configured  as  Package  #1  (Figure  2b).  The  power  train  consisted  of  a  4.9L  engine  coupled  to  an 
E40D  automatic  transmission.  All  trucks  were  equipped  with  air  conditioning  and  power  steering. 

Table  1  lists  the  characteristics  of  the  test  vehicles,  including  odometer  reading  and  test  start  date. 
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Table  1 .  Description  of  Test  Vehicles  at  Start  of  Test 

Vehicle 

Bumper 

No. 

Year 

Make  & 
Model 

Engine 

Size 

No. 

of 

Cyl. 

Auto 

Trans 

GVW* 

Tire  Size 

Odometer 

Date 

Test 

Fuel 

G200 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

7030 

07/01/96 

Gas/CNG 

G201 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

8170. 

07/01/96 

Gas/CNG 

G202 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

7867 

07/01/96 

Gas/CNG 

G203 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3784 

07/01/96 

Gas/CNG 

G204 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

4711 

07/01/96 

Gas/CNG 

G205 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

10947 

07/01/96 

Gas/CNG 

G206 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6688 

07/01/96 

Gas/CNG 

G207 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5363 

07/01/96 

Gas/CNG 

G208 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

7865 

07/01/96 

Gas/CNG 

G209 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3468 

07/01/96 

Gas/CNG 

G210 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6163 

07/01/96 

Gas/CNG 

G21 1 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5658 

07/01/96 

Gas/CNG 

G212 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5802 

07/01/96 

Gas/CNG 

G213 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

11736 

07/01/96 

Gas/CNG 

G214 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2791 

07/01/96 

Gas/CNG 

G215 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3283 

07/01/96 

Gas/CNG 

G216 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6086 

07/01/96 

Gas/CNG 

G217 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

10116 

07/01/96 

Gas/CNG 

G218 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6440 

07/01/96 

Gas/CNG 

G219 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6803 

07/01/96 

Gas/CNG 

G220 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

4991 

07/01/96 

Gas/CNG 

G221 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3928 

07/01/96 

Gas/CNG 

G222 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

4471 

07/01/96 

Gas/CNG 

G223 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3483 

07/01/96 

Gas/CNG 

G224 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2937 

07/01/96 

Gas/CNG 

G225 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5912 

07/01/96 

Gas/CNG 

G226 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

7065 

07/01/96 

Gas/CNG 

G227 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

8726 

07/01/96 

Gas/CNG 

G228 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3582 

07/01/96 

Gas/CNG 

G229 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

3498 

07/01/96 

Gas/CNG 

G230 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

7538 

07/01/96 

Gas/CNG 

G231 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2444 

07/01/96 

Gas/CNG 

G232 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

3880 

07/01/96 

Gas/CNG 

G233 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6883 

07/01/96 

Gas/CNG 

G234 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2640 

07/01/96 

Gas/CNG 

G235 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6325 

07/01/96 

Gas/CNG 

G236 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5172 

07/01/96 

Gas/CNG 

G237 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5510 

07/01/96 

Gas/CNG 
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Table  1 .  Description  of  Test  Vehicles  at  Start  of  Test 

Vehicle 

Bumper 

No. 

Year 

Make  & 
Model 

Engine 

Size 

No. 

of 

Cyl. 

Auto 

Trans 

GVW* 

Tire  Size 

Odometer 

Date 

Test 

Fuel 

G238 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2780 

07/01/96 

Gas/CNG 

G239 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

10651 

07/01/96 

Gas/CNG 

G240 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

4055 

07/01/96 

Gas/CNG 

G241 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5558 

07/01/96 

Gas/CNG 

G242 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

7183 

07/01/96 

Gas/CNG 

G243 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

6997 

07/01/96 

Gas/CNG 

G244 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

7537 

07/01/96 

Gas/CNG 

G245 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5577 

07/01/96 

Gas/CNG 

G247 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

4743 

07/01/96 

Gas/CNG 

G248 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

6664 

07/01/96 

Gas/CNG 

G249 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

3426 

07/01/96 

Gas/CNG 

G250 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2544 

07/01/96 

Gas/CNG 

G251 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

4085 

07/01/96 

Gas/CNG 

G252 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

2825 

07/01/96 

Gas/CNG 

G253 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

5994 

07/01/96 

Gas/CNG 

G254 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

8356 

07/01/96 

Gas/CNG 

G255 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

8231 

07/01/96 

Gas/CNG 

G256 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

437 

07/01/96 

Gas/CNG 

G257 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

554 

07/01/96 

Gas/CNG 

G258 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

243 

07/01/96 

Gas/CNG 

G259 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

33 

08/01/96 

Gas/CNG 

G260 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

306 

09/01/96 

Gas/CNG 

G261 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

98 

10/01/96 

Gas/CNG 

G262 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

211 

10/01/96 

Gas/CNG 

G263 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

259 

10/01/96 

Gas/CNG 

G264 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

9260 

01/01/97 

Gas/CNG 

G265 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

8748 

01/01/97 

Gas/CNG 

G266 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

7512 

12/01/97 

Gas/CNG 

G267 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

18799 

12/01/97 

Gas/CNG 

G268 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

23412 

12/01/97 

Gas/CNG 

G269 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

24394 

12/01/97 

Gas/CNG 

G270 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

18587 

12/01/97 

Gas/CNG 

G271 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx15 

18587 

12/01/97 

Gas/CNG 

G272 

1995 

Ford  FI  50 

4.9L 

6 

T-2 

6,200 

P235/75Rx1 5 

18587 

12/01/97 

Gas/CNG 

*GVW  =  Gross  Vehicle  Weight 
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Figure  la.  Front  view  of  bifuel  truck 


Figure  1  b.  Rear  view  of  bifuel  truck 
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Ford  QVM  Program 
Typical  Ford  F-Series 
Modified  For  Natural  Gas 

Fuel  System  Component  Locations 


— 

1) 

Natural  Gas  Tank  (Irvbed) 

- \ 

2) 

Natural  Gas  Tank  (Underbody) 

3) 

Natural  Gas  Fill  Receptacle 

4> 

Natural  Gas  System 

Manual  Shut-off  Valve 

5) 

Natural  Gas  Regulator  Assembly 

6) 

4.9L  Gaseous  Fuel  Prep  Engine 

7) 

Gasoline  Tank  (IS, 2  Gallons) 

3) 

Gasoline  Filer 

_ J 

For  more  information,  coed  1-800 -AIT- FUEL 


I3JW3 


Figure  2a.  Schematic  of  CNG  Component  Locations 


Natural  Gas  Tank  Configurations 
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Figure  2b.  Natural  Gas  Tank  Configurations: 

Package  No.  1  -  Natural  Gas  Tank  Configuration  for  Vehicles  at  Ft.  Hood 


C.  Data  Collection 

Data  were  provided  in  the  following  formats  by  the  following  sources  at  FT.  Hood: 

Monthly  Utilization  Record  -  U-Tech  Services  at  the  Ft.  Hood  TMP  provided  a  consolidated  recap 
of  the  month’s  usage  data.  The  form  contained  the  previous  month’s  ending  odometer  reading  and 
the  present  end-of-month  reading  for  each  vehicle  in  the  program.  Total  month’s  usage  was  calcu¬ 
lated  and  reported.  TMP  dispatch  personnel  mailed  the  forms  to  TFLRF. 

Gasoline  and  CNG  Fuel  Issue  Record  -  Ft.  Hood  TMP  administrative  personnel  provided  TFLRF 
with  the  monthly  automated  gasoline  and  CNG  fuel  issue  record,  which  included  date,  vehicle  tag 
number,  odometer  reading,  and  total  gallons  dispensed. 

Fuel  Wetted  Component  Repair  -  The  GS  A  Fleet  Management  Office,  provided  the  TFLRF  monitor 
with  reports  of  fuel  component  repairs. 
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D.  Fueling  Stations 


1.  Gasoline 

The  gasoline  fueling  station  at  Ft.  Hood  is  a  DOD-operated  facility  located  at  the  TMP.  The  station 
is  a  card  lock  automated  facility,  and  the  fuel  is  delivered  to  underground  tanks  by  a  local  refinery 
under  contract. 

2.  Compressed  Natural  Gas 

The  CNG  fueling  station  is  co-located  adjacent  to  the  gasoline  fueling  station.  It  is  also  a  card  lock 
automated  facility.  The  station  is  equipped  with  a  425-cfm  compressor,  a  100-gallon-equivalent 
capacity  storage  tank,  and  a  two-nozzle  dispenser  with  Sherex  quick  disconnects  with  a  maximum 
fill  pressure  of  3,000  psi. 


V.  RESULTS  OF  DEMONSTRATION 


A.  Fleet  Test  Results 

1.  General 

The  72  test  vehicles  accumulated  1,148,217  miles  of  operation  from  July  1996  through  July  1998. 
Monthly  mileage  and  fuel-usage  summaries  for  each  test  vehicle  are  included  in  Appendix  A. 

2.  Fuel  Economy 

A  summary  of  the  fuel  economy  data  for  the  test  vehicles  is  presented  in  Table  2.  Individual  sum¬ 
maries  for  each  of  the  72  test  vehicles  are  included  in  Appendix  A.  The  fuel  economy,  calculated 
from  usage  data  on  the  bifuel  vehicles,  is  a  combination  of  gasoline  and  CNG  fuels.  The  energy 
conversion  for  the  Ft  Hood  area  was  128  cubic  feet  of  natural  gas  per  equivalent  gallon.  Figures  3a 
and  3b  show  gasoline  and  CNG  usage  by  vehicle  throughout  the  program.  Figures  4a  and  4b  show 
the  total  mileage  accumulation  by  vehicle.  The  highest  mileage  accumulation  was  68,356  miles  and 
the  lowest  was  2,761  miles.  Figures  5a  and  5b  are  a  presentation  of  fuel  economy  by  vehicle.  Fuel 
economy  ranged  from  9.7  to  32.3  mpg,  with  an  average  of  14.2  mpg.  Figure  6  shows  the  averaged 
combined  gasoline  and  CNG  actual  fleet  data  compared  to  the  combined  averaged  FTP  results.  The 
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EPA  mileage  specification  report  (8)  for  the  1995  F150  series  trucks  with  the  4.9L  engine  lists  the 
city  driving  cycle  gasoline  fuel  economy  at  14.9  miles  per  gallon.  The  actual  fleet  data  show  a  fuel 
economy  difference  of  approximately  4.9  percent  between  the  averaged  FTP  results  and  the  EPA’s 
mileage  specification  report.  This  difference  can  be  attributed  to  the  duty  cycle  of  the  vehicles. 

3.  Fuel  System  Unscheduled  Maintenance  Actions 

The  test  vehicles  were  under  manufacturer’s  warranty  throughout  the  demonstration  program.  An 
authorized  Ford  dealership  in  Killeen,  Texas  performed  all  unscheduled  repairs  on  the  bifuel  ve¬ 
hicles.  Collectively,  the  vehicles’  performance  was  highly  satisfactory.  Twenty-seven  unscheduled 
CNG-related  maintenance  actions  were  performed  on  16  of  72  vehicles  during  the  demonstration 
program.  The  most  prevalent  faults  reported  were  gas  leaks  and  failure  to  start  on  CNG.  All  ve¬ 
hicles  underwent  an  in-bed  mounted,  CNG-tank  re-strapping  modification  to  prevent  shifting.  The 
warranty  work  was  performed  under  Ford’s  Technical  Service  Bulletin  recall  No.  9501  IF. 


Table  2.  Summary  of  Test  Vehicle  Data  Miles  and  Combined  CNG/Gasoline  Consumption 

Vehicle 
Bumper  No. 

Total 

Proaram  Miles 

Gallons  CNG 

GallonsGasoline 

Gallons  Total 

Miles/Gallon 

G200 

15,069 

914.4 

349.0 

1263.4 

11.9 

G201 

97,33 

404.5 

399.1 

803.6 

12.1 

G202 

34,955 

978.1 

1616.9 

2595.0 

13.5 

G203 

11,220 

193.8 

428.8 

622.6 

18.0 

G204 

18,945 

556.9 

350.0 

906.9 

20.9 

G205 

18,801 

824.8 

650.5 

1475.4 

12.7 

G206 

25,398 

288.4 

498.0 

786.4 

32.3 

G207 

9681 

414.2 

322.6 

736.9 

13.1 

G208 

18,306 

860.8 

496.0 

1356.8 

13.5 

G209 

23,175 

690.3 

1211.9 

1902.2 

12.2 

G210 

7,149 

226.4 

388.9 

615.3 

11.6 

G21 1 

9,772 

545.1 

215.0 

760.1 

12.9 

G21 2 

1 1 ,520 

415.4 

970.9 

970.9 

11.9 

G21 3 

22,549 

825.2 

553.2 

1378.5 

16.4 

G214 

8,010 

275.5 

375.4 

650.9 

12.3 

G215 

10,237 

390.8 

301.2 

692.0 

14.8 

G216 

10,157 

453.4 

297.3 

750.8 

13.5 

G21 7 

17,950 

1007.1 

341.4 

1348.5 

13.3 

G21 8 

16,617 

900.5 

446.0 

1346.6 

12.3 

G219 

12,368 

457.0 

656.0 

1113.0 

11.1 

G220 

13,215 

538.8 

524.1 

1062.9 

12.4 

G221 

26,867 

697.0 

1459.5 

2156.5 

12.5 

G222 

10,962 

328.6 

450.1 

778.7 

14.1 

G223 

8,580 

229.2 

439.8 

669.0 

12.8 

G224 

8236 

346.6 

261.6 

608.2 

13.5 
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Table  2.  Summary  of  Test  Vehicle  Data  Miles  and  Combined  CNG/Gasoline  Consumption 

Vehicle 
Bumper  No. 

Total 

Proaram  Miles 

Gallons  CNG 

GallonsGasoline 

Gallons  Total 

Miles/Gallon 

G225 

11,320 

384.9 

487.5 

872.4 

13.0 

G226 

15,715 

730.8 

246.6 

977.4 

16.1 

G227 

22,349 

649.7 

487.7 

1137.4 

19.7 

G228 

6,960 

359.5 

148.9 

508.5 

13.7 

G229 

11,080 

437.4 

504.3 

941.7 

11.8 

G230 

18,273 

684.7 

1466.4 

1466.4 

12.5 

G231 

8,914 

274.6 

401.6 

676.2 

13.2 

G232 

68,356 

1760.5 

3121.7 

4882.2 

14.0 

G233 

11,537 

411.3 

490.0 

901.3 

12.8 

G234 

5,812 

153.3 

326.4 

479.7 

12.1 

G235 

14,575 

379.6 

495.6 

875.2 

16.6 

G236 

52,033 

2201.1 

1543.4 

3744.4 

13.9 

G237 

15,620 

446.9 

366.3 

813.2 

19.21 

G238 

33,296 

806.8 

1435.8 

2242.7 

14.9 

G239 

29,889 

743.2 

595.2 

1338.4 

22.3 

G240 

54,917 

1473.4 

2582.1 

4055.5 

13.5 

G241 

9,393 

328.9 

441.5 

770.5 

12.2 

G242 

8,329 

345.3 

283.6 

628.8 

13.3 

G243 

17,133 

935.1 

327.5 

1262.6 

13.6 

G244 

14,438 

492.3 

643.0 

1135.3 

12.7 

G245 

13,963 

513.5 

433.9 

947.4 

14.7 

G247 

19,079 

728.8 

625.9 

1354.7 

14.1 

G248 

1 1 ,567 

429.2 

226.4 

655.6 

17.6 

G249 

14,922 

568.7 

328.4 

897.1 

16.6 

G250 

12,845 

433.9 

338.2 

772.2 

16.6 

G251 

9,537 

551.3 

428.4 

979.7 

9.73 

G252 

10,570 

440.6 

556.3 

996.9 

10.6 

G253 

10,965 

360.6 

318.1 

678.8 

16.2 

G254 

14,763 

850.6 

335.0 

1185.6 

12.5 

G255 

15,672 

498.2 

374.2 

872.5 

17.9 

G256 

17,184 

379.8 

638.1 

1018.0 

16.9 

G257 

16,118 

416.6 

420.1 

836.7 

19.2 

G258 

1 1 ,647 

287.1 

422.1 

709.2 

16.4 

G259 

10,720 

307.4 

550.9 

858.3 

12.5 

G260 

13,764 

363.3 

684.0 

1047.3 

13.1 

G261 

9,600 

447.8 

349.5 

797.2 

12.0 

G262 

7,617 

275.8 

394.7 

670.5 

11.4 

G263 

9,066 

304.9 

449.6 

754.5 

12.0 

G264 

14,318 

471.5 

623.7 

1095.2 

13.1 

G265 

8,741 

348.5 

314.4 

662.8 

13.2 

G266 

7,729 

272.1 

487.7 

662.8 

15.9 

G267 

2,761 

94.8 

100.5 

487.7 

14.1 

G268 

2,868 

74.1 

154.2 

195.3 

12.6 

G269 

3,830 

198.6 

126.2 

228.4 

11.8 

G270 

3,892 

186.7 

100.1 

324.8 

13.6 

G271 

6,372 

165.1 

107.2 

286.8 

23.4 

G272 

53,144 

3761.6 

4280.5 

272.2 

12.4 
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Figure  3a.  Gasoline  and  CNG  Usage  by  Vehicle  Throughout  Program 
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Vehicle  Number 

Figure  3b.  Gasoline  and  CNG  Usage  by  Vehicle  Throughout  Program 
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Vehicle  Number 


Figure  4a.  Total  Mileage  Accumulation  by  Vehicle 
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Figure  4b.  Total  Mileage  Accumulation  by  Vehicle 
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Figure  5a.  Fuel  Economy  by  Vehicle 
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Figure  5b.  Fuel  Economy  by  Vehicle 
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Figure  6.  Avgd.  Combined  Gasoline  and  CNG  Actual  Fleet  Data  vs.  Combined  Avgd  FTP  Data 

4.  Vehicle  Performance 

The  performance  of  the  test  vehicles  was  assessed  by  conducting  interviews  with  vehicle  operators 
at  each  quarterly  visit.  The  operators  were  for  the  most  part  very  satisfied  with  vehicle  performance 
while  operating  on  CNG.  The  most  prevalent  performance  problems  reported  on  the  bifueled  ve¬ 
hicles  were  “hard  to  start,”  “lack  of  power,”  and  “acceleration.” 

5.  Resolution  of  User  Concerns 

It  was  the  practice  throughout  the  demonstration  program  to  investigate  users’  concerns  on  the 
operability  of  the  bifueled  vehicles.  Therefore,  drivers’  comments  were  solicited  at  every  site  visit. 
Without  exception,  every  driver  queried  complained  of  the  vehicle’s  longer  starting  time,  lack  of 
power,  and  acceleration  while  using  CNG  fuel.  Early  into  the  program,  TFLRF  staff  conducted 
cold/hot  start  and  full-throttle  acceleration  tests  using  CNG  and  gasoline  fuels  to  determine  the 
severity  of  the  complaint. 

a.  Cold/Hot  Start  Tests 

Two  cold  and  two  hot  starts  were  performed  on  a  single  bifuel  vehicle.  Engine  cranking  time  to  start  was 
recorded  in  seconds.  Results  showed  that  the  cranking  time  required  to  start  the  engine  increased  an 
average  of  1 . 1  seconds  during  the  cold-start  phase  and  1 .3  seconds  during  the  hot-start  phase  while  using 
CNG  fuel.  Figures  7  through  10  show  the  individual  and  averaged  cold/hot  start  test  results. 


15 


Time  in  Seconds  Time  in  Seconds 


Figure  7.  Individual  Cold  Start  Test  Results 
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Starts 

Figure  8.  Individual  Hot  Start  Test  Results 
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Time  in  Seconds  Time  in  Seconds 


Averaged  Cold  Starts 


Figure  9.  Averaged  Cold  Start  Test  Results 
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Figure  10.  Averaged  Hot  Start  Test  Results 
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b.  0-50mph  Full-throttle  Acceleration  Tests 


The  full-throttle  acceleration  tests  measure  the  amount  of  time  that  is  required  to  reach  a  given 
speed.  The  acceleration  times  of  a  given  engine  are  a  function  of  the  work  produced  by  the 
engine.  The  developed  work  and  subsequent  rate  of  work  (power)  are  a  function  of  the  volume 
and  energy  of  the  injected  fuel.  The  fuel-energy  density  and  the  injected  volume  determine  the 
energy  content  of  the  injected  fuel.  Combustion  factors  that  determine  power  availability  with 
a  fuel  are  the  thermal  efficiency  of  the  combustion  and  the  energy  conversion  processes.  The 
aforementioned  factors  all  contribute  to  the  work  and  power  development  of  an  engine,  which 
affect  the  vehicle  acceleration  times  when  a  fuel  conversion  is  made.  Power  loss  was  expected 
because  of  the  lower  volumetric  heating  value  of  CNG  compared  to  gasoline;  therefore  the 
volume  of  fuel  delivered  with  CNG  would  have  lower  energy  content  than  the  equivalent  gaso¬ 
line.  Full-throttle,  0-50mph  accelerations  were  performed  on  a  single  bifuel  vehicle  using 
gasoline  and  CNG  fuels.  Twelve  individual  runs  were  performed  with  each  fuel.  Six  accelera¬ 
tion  runs  were  performed  in  each  direction.  The  time  in  seconds  to  reach  50mph  was  recorded 
for  each  run.  To  stabilize  engine  temperature  and  performance,  the  vehicle  was  operated  a 
minimum  of  two  miles  at  normal  operating  conditions  after  each  of  the  six  acceleration  runs. 
Results  of  the  acceleration  runs  while  operating  with  CNG  versus  unleaded  gasoline  showed 
that  the  average  elapsed  time  to  accelerate  from  0  to  50mph  increased  three  seconds.  These 
data  are  summarized  in  Figures  Hand  12.  The  increase  in  acceleration  time  with  CNG  is 
within  the  expected  parameters  based  on  the  difference  in  energy  content  between  CNG  and 
gasoline  fuels.  (9) 
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Time  in  Seconds 


Figure  11.  Timed  Acceleration  Runs 


Figure  12.  Average  Accelerations 
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B.  Emissions  Testing 


1.  General 

The  objective  of  testing  the  exhaust  and  evaporative  emissions  was  to  provide  a  method  to  compare 
the  unburned  hydrocarbons  while  operating  with  both  CNG  and  gasoline  fuels,  and  assess  the  ben¬ 
efits  and/or  penalties  of  using  CNG  as  an  alternative  fuel. 

Two  test  vehicles  were  selected  for  emissions  testing  at  4,000  miles  and  end  of  test  mileage;  how¬ 
ever,  at  the  end  of  the  test,  one  of  the  originally  selected  vehicles  had  accumulated  limited  mileage 
(15,000).  Therefore,  the  highest  mileage  fleet  vehicle  (81,000)  was  substituted  and  tested  instead. 
This  would  demonstrate  the  effect  of  heavy  usage  on  tailpipe  emissions.  The  testing  was  conducted 
by  the  Department  of  Emissions  Research  at  SwRI  (an  EPA-certified  emissions  testing  laboratory). 
The  vehicles  were  tested  utilizing  the  FTP  schedule  for  light-duty  vehicles.  (10) 

2.  FTP  Exhaust  Emissions  and  HFET  Fuel  Economy 

The  exhaust  emissions  of  three  bifuel  vehicles  were  quantified  using  the  Light-Duty  Vehicle  FTP. 
The  bifuel  vehicle  emission  measurements  were  determined  while  operating  the  vehicles  on  gaso¬ 
line  and  CNG.  The  exhaust  emission  measurements  were  made  at  4,000  miles  for  vehicles  G247 
and  G255.  End  of  test  measurements  were  made  at  end  of  test  mileage  on  vehicles  G247  and  G232 
(substituted  vehicle).  The  FTP  exhaust  emissions  and  HFET  fuel  economy  results  are  included  as 
Appendix  B. 

The  averaged  FTP  unburned  exhaust  emissions,  highway  fuel  economy  test  results  at  two  mileage 
intervals,  and  overall  averaged  results  are  shown  in  Table  3.  Also  shown  are  the  EPA’s  standards  for 
total  hydrocarbons  (THC  [gasoline  exhaust  only]),  non-methane  hydrocarbons  (NMHC),  carbon 
monoxide  (CO),  and  oxides  of  nitrogen  (NOx).  Methane  hydrocarbons  constitute  93  percent  of 
CNG  composition;  therefore,  the  EPA  standard  for  total  hydrocarbons  applies  to  gasoline  fuel  only. 

Figure  13  compares  the  averaged  FTP  unbumed  hydrocarbons  emissions  with  the  EPA’s  standards 
for  light  duty  vehicles.  The  THC  standard  applies  to  gasoline  fuel  only. 
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grams/mile 


Table  3.  Averaged  Unburned  FTP  Regulated  Emissions  and  Highway  Fuel 
Economy  (HFE)  Test  Results 


Test  Fuel 

Miles 

4,000 

Gasoline 

EOT 

Average 

4,000 

CNG 

EOT 

Average 

Exhaust  Emissions 

THC,  g/mile 

0.61 

0.7 

0.66 

2.7 

2.47 

2.6 

NMHC,  g/mile 

0.41 

0.55 

0.48 

0.06 

0.00 

0.03 

CO,  g/mile 

3.92 

4.98 

4.45 

1.09 

2.90 

1.99 

Nox,  g/mile 

0.86 

0.81 

0.84 

0.95 

0.82 

0.89 

NMOG,  g/mile 

0.42 

0.58 

0.50 

0.12 

0.15 

0.14 

HFE,  mpg 

23.51 

23.47 

23.49 

23.70 

23.67 

23.96 

EPA  Standards 

THC,  0.8  g/mile* 

NMHC,  0.32  g/mile 
CO,  4.4  g/mile 
Nox,  0.7  g/mile 

*  =  Gasoline  Only 


4.5 


3.5 


2.5 


1.5 


0.5 
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Figure  13.  Comparison  of  Averaged  Unburned  Hydrocarbon  Emissions  Results 
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Figure  14  shows  the  averaged  unburned  hydrocarbon  emissions  at  two  mileage  intervals  for  the 
three  vehicles.  Figure  14  reveals  the  Total  Hydrocarbon  (THC),  Non-Methane  Organic  Gas  (NMOG), 
and  Non-Methane  Hydrocarbon  (NMHC)  response  for  each  fuel.  As  expected,  the  THC  response  is 
substantially  higher  for  CNG  use.  The  NMOG  and  NMHC  results  indicate  substantial  reductions  in 
higher  molecular  weight  hydrocarbon  emissions  when  CNG  is  used. 
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Figure  13.  Comparison  of  Averaged  Unburned  Hydrocarbon  Emissions  Results 


VI.  CONCLUSIONS 

Use  of  the  Ford  FI 50  QVM  bifuel  vehicle  at  Ft.  Hood,  Texas  demonstrated  that  operation  of  bifuel 
vehicles  in  support  of  post-camp  and  station  operations  is  feasible.  The  ability  of  the  bifuel  vehicles 
to  use  either  compressed  natural  gas  (CNG)  or  gasoline  permitted  the  assignment  of  the  vehicles  to 
sections  with  areas  larger  than  the  maximum  range  of  the  vehicle  in  the  CNG  mode.  The  bifuel 
vehicles  were  readily  accepted  as  a  viable  alternative  to  the  dedicated  gasoline  vehicle. 
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The  Ford  bifuel  vehicles  proved  to  be  highly  reliable  in  that  only  a  few  fuel-component  mainte¬ 
nance  actions  were  recorded  during  the  24-month  long  demonstration.  The  drivers’  most  prevalent 
performance  problems  reported  while  operating  with  CNG  were  hard  starting,  lack  of  power,  and 
acceleration.  Hot/cold  starts  and  full  throttle  acceleration  tests  were  performed  on  one  bifuel  ve¬ 
hicle.  Results  indicated  that  the  cranking  time  in  the  CNG  mode  increased  an  average  of  1.2  sec¬ 
onds,  and  acceleration  time  to  reach  50  mph  during  the  full  throttle  evaluations  increased  1.5  sec¬ 
onds. 

The  averaged  combined  CNG  and  gasoline  fuel  economy  calculated  from  actual  usage  data  shows 
an  4.7-percent  decrease  compared  to  the  combined  Federal  Test  Procedure  (FTP)  results.  This 
difference  can  be  attributed  to  the  short  start- and- stop  duty  cycle  of  the  test  vehicles  during  the 
demonstration  program. 

The  exhaust  emission  levels  were  fairly  consistent  at  each  mileage  interval  regardless  of  fuel  used. 
The  vehicles  operating  on  CNG  demonstrated  significant  reductions  in  non-methane  organic  gas 
(NMOG),  non-methane  hydrocarbons  (NMHC),  and  carbon  monoxide  (CO)  emissions  compared 
to  gasoline  operation.  Operation  with  CNG,  however,  reveals  a  slight  increase  in  oxides  of  nitrogen 
(NOx)  emissions  compared  to  gasoline  operation. 

CNG  usage  at  Ft.  Hood  was  51.3  percent  compared  to  gasoline  usage.  Instructions  to  the  drivers 
were  to  use  only  one  tank  full  of  gasoline  per  month;  however,  in  order  to  demonstrate  the  actual 
driver  response  to  the  bifuel  vehicle  concept,  the  one  tank  full  ruling  was  not  enforced.  With  the 
CNG  fueling  facility  adjacent  to  the  gasoline  pumps,  the  use  of  CNG  was  expected  to  be  far  greater 
than  that  of  gasoline.  However,  there  is  always  the  usual  resistance  exhibited  by  drivers  when  a 
fleet  is  changed  from  a  trusted  fuel  such  as  gasoline  to  an  “experimental”  fuel  such  as  CNG  with  a 
limited  track  record. 
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APPENDIX  A 

MILEAGE  AND  FUEL  USAGE  SUMMARIES  FOR  BIFUEL  VEHICLES 


A-l 


A-2 


BUMPER  NUMBER 


MILES 


AUGUST  1996 

GALLONS 


TOTAL 


MPG 


CNG  I  UNL 


BUMPER  NUMBER 


16.18 


38.07 


10.79 


18.14 


9.97 


11.63 

7.22 


15.29 


9.14 


BUMPER  NUMBER 


BUMPER  NUMBER 


35.01 


10.87 


14.59 


15.3S 


10.04 


12.13 


12.95 


22.11 


15.03 


8.40 


16.94 


12.39 


26.10 


12.15 


16.12 


11.79 


12.97 


13.78 


12.38 


15.09 


0.00 


13.41 


17.02 


8.37 


5.99 


0.00 


13.09 


17.10 


10.09 


0.00 


11.56 


18.36 


12.10 


11.91 


10.43 


12.11 


12.81 


10.38 


11.63 


BUMPER  NUMBER 


GALLONS 

CNG 

1 

UNL 

BUMPER  NUMBER 


GALLONS 

CNG  1 

UNL 

BUMPER  NUMBER 


BUMPER  NUMBER 


GALLONS 

CNG 

1 

UNL 

24.18 


10.43 


13.19 


13.24 


12.19 


10.77 


9.51 


14.23 


9,27 


15.91 


BUMPER  NUMBER 


13.32 


9.17 


9.42 


19.60 


10.45 


11.53 


11.74 


9.49 


BUMPER  NUMBER 


MILES 


TOTAL 


MPG 


BUMPER  NUMBER 


MILES 


MARCH  1998 

GALLONS 


TOTAL 


MPG 


BUMPER  NUMBER 


BUMPER  NUMBER 


GALLONS 

CNG  1 

UNL 

12.59 


64.81 


76.77 


26.55 


APPENDIX  B 

3-BAG  GASOLINE/CNG  FTP  EMISSIONS  AND  HFET  TEST  RESULTS  ON  VEHICLE 
NOS.  G247  AND  232:  4,000  MILES  AND  END  OF  TEST  EVALUATIONS 


B-l 


B-2 


Ft  Hood,  Texas  Bifuel  Vehicle  Fleet  FTP  &  HFET  Bag  Data 


VEHICLE  # 

FUEL 

MILES 

THC 

Bag  1  (g) 
Bag  2  (g) 
Bag  3  (g) 
FTP  (g/mi) 
HFET  (g/mi) 

NMOG 

Bag  1  (g) 
Bag  2  (g) 
Bag  3  (g) 
FTP  (g/mi) 

NMHC 

Bag  1  (g) 
Bag  2  (g) 
Bag  3  (g) 
FTP  (g/mi) 
HFET  (g/mi) 

CH4 

Bag  1  (g) 
Bag  2  (g) 
Bag  3  (g) 
FTP  (g/mi) 
HFET  (g/mi) 

CO 

Bag  1  (g) 
Bag  2  (g) 
Bag  3  (g) 
FTP  (g/mi) 
HFET  (g/mi) 

NOx 

Bag  1  (g) 
Bag  2  (g) 
Bag  3(g) 
FTP  (g/mi) 
HFET  (g/mi) 

FE  (mpg)  Bag  1 

Bag  2 

Bag  3 

FTP 

HFET 

G247 

G41-22259 

GASOLINE 

4,000 

EOT 

5.04 

4.79 

1.30 

0.91 

1.74 

1.33 

0.60 

0.50 

0.05 

0.06 

4.45 

4.34 

0.31 

0.41 

1.16 

1.05 

0.39 

0.38 

4.28 

4.28 

0.26 

0.37 

1.11 

1.02 

0.37 

0.37 

0.02 

0.02 

0.71 

0.52 

0.96 

0.56 

0.58 

0.32 

0.21 

0.37 

0.04 

0.04 

52.33 

48.92 

0.88 

4.92 

11.01 

9.09 

3.99 

4.14 

0.02 

0.19 

4.50 

3.61 

2.73 

2.38 

3.46 

2.96 

0.89 

0.75 

1.08 

0.97 

13.95 

14.80 

14.38 

14.87 

16.80 

17.54 

14.88 

15.53 

23.48 

23.65 

CNG 


4,000 

EOT 

8.46 

7.05 

10.65 

9.25 

7.63 

6.82 

2.50 

2.15 

1.15 

1.13 

0.49 

0.41 

0.43 

0.43 

0.17 

0.39 

0.10 

0.11 

0.25 

<0.001 

0.01 

<0.001 

0.25 

<0.001 

0.04 

<0.001 

<0.001 

<0.001 

7.60 

7.05 

9.84 

9.25 

6.84 

6.82 

2.28 

2.15 

1.06 

1.13 

6.51 

6.18 

0.21 

0.11 

4.65 

6.44 

0.76 

0.86 

0.02 

0.01 

5.11 

3.60 

3.17 

2.19 

4.53 

3.28 

1.07 

0.74 

0.82 

0.77 

14.07 

14.71 

13.92 

14.37 

16.47 

17.00 

14.57 

15.10 

23.58 

23.78 

G255 

G42-70033 

GASOLINE 

4,000 

EOT 

4.51 

na 

1.43 

na 

2.36 

na 

0.63 

na 

0.05 

na 

4.07 

na 

0.60 

na 

1.79 

na 

0.45 

na 

3.93 

na 

0.60 

na 

1.70 

na 

0.44 

na 

0.02 

na 

0.54 

na 

0.77 

na 

0.61 

na 

0.18 

na 

0.03 

na 

37.99 

na 

1.28 

na 

19.27 

na 

3.84 

na 

0.04 

na 

4.33 

na 

2.56 

na 

2.99 

na 

0.82 

na 

1.05 

na 

14.58 

na 

14.71 

na 

17.02 

na 

15.25 

na 

23.53 

na 

CNG 


4,000 

EOT 

9.17 

na 

11.97 

na 

9.27 

na 

2.85 

na 

1.33 

na 

0.67 

na 

0.66 

na 

0.20 

na 

0.14 

na 

0.41 

na 

0.16 

na 

0.27 

na 

0.07 

na 

<0.001 

na 

8.10 

na 

10.92 

na 

8.33 

na 

2.57 

na 

1.23 

na 

9.76 

na 

0.21 

na 

10.76 

na 

t.41 

na 

0.01 

na 

4.62 

na 

2.90 

na 

3.50 

na 

0.92 

na 

0.73 

na 

14.51 

na 

14.24 

na 

16.58 

na 

14.88 

na 

23.81 

na 

G232 

G42-31544 

GASOLINE 


4,000 

EOT 

na 

5.98 

na 

2.23 

na 

3.41 

na 

0.90 

na 

0.16 

na 

5.70 

na 

1.69 

na 

3.01 

na 

0.78 

na 

5.33 

na 

1.57 

na 

2.86 

na 

0.73 

na 

0.09 

na 

0.67 

na 

0.68 

na 

0.56 

na 

0.17 

na 

0.07 

na 

55.95 

na 

4.47 

na 

26.59 

na 

5.82 

na 

0.48 

na 

4.34 

na 

2.66 

na 

3.45 

na 

0.87 

na 

1.30 

na 

14.03 

na 

14.21 

na 

16.81 

na 

14.82 

na 

23.28 

CNG 


4r000 

EOT 

na 

7.83 

na 

12.84 

na 

8.45 

na 

2.78 

na 

1.39 

na 

0.59 

na 

0.80 

na 

0.62 

na 

0.19 

na 

>0.001 

na 

>0.001 

na 

>0.001 

na 

>0.001 

na 

>0.001 

na 

7.83 

na 

12.84 

na 

8.45 

na 

2.78 

na 

1.39 

na 

30.15 

na 

12.35 

na 

21.02 

na 

4.94 

na 

0.09 

na 

4.75 

na 

2.72 

na 

3.48 

na 

0.89 

na 

0.84 

na 

14.02 

na 

13.77 

na 

16.07 

na 

14.40 

na 

23.55 

